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‘ : : OPERATING EQUATIORS ARD PROCEDURES
. INVOLVED IN WATER COUNTING AT SITE "X"

Ref: CH-1889; Project Handbook, Chapter XII,
INX 74 and CB-1518.

Readings to determine the radloactivity of the waste In the disposal
water from Clinton Iaboratories are masde both by Health-Physice Section
end the Analytical Section., The Health-Physics measurements are mmde
each day and are used to determine the gamma-.activity of the settling
pond and of White Oak Lake. The Analytical Sectlion measures the beta
counts/minute of an evaporated 5 cc sample from the settling pond once
each shift. Once a month, an analysis is made on an accumulated sample
of water fr-m White Cak I.ake (composed of the sum of small esamples that
were collected each day of the month) to determine the radicactive
elements present. This element analysis is used in determining the
average beta and gemms energies of the radiocactive materials in the
water, At present it is considered that tolerance is set by the externsl
radiation to & submerged body. This is the case as long as the principle
activity in the water is due to Cb and Zr, and the percents of Ba and Sr
(which are readily deposited in the bone) remsin rather low. Experiments
with goldfish seem to indicate that when Sr is adsorbed on clay it is not
sbsorbed into the body. If this is true for humans as well as for fish,
and for other elements, the Ingestion tolerance limits are of less concern
than the external radiation tolerance limits,

II ' A. Gamma Readings

‘ 1, Two Vesgel Method. Measurements are made of the activity of the

wvater from the settling pond and from White Osk Lake by the following
method. A standard thin-walled glass counter®* with an effective cross-
sectional ares for gemma radiation of 5.k cne is enclosed in a brass
cylinder with walls of sufficient thickness to absorb all the beta

r radiation. This counter is placed along the axis at the center of a
cylindricel vessel, 1i" in diameter, which is filled with water to a
depth of 12", The counting rate is determined with the aid of a
"gcale of 64" circuit. Readings are made First with freshly drawn
drinking water in the vessel to determine the background, and then
with the sempls water. The procedure is repeated using a wessel of
hslf the diameter of the former oms, i.e. T".

*#NOTE: Originally & smell drass counter was used for this purpose but had
to be replaced with the glass counter since the Clinton Leboratories shop
. was unable to supply the brass counters. The glass counters havs not
proved very satisfactory. In order to use them a large brass cylinder had
to be constructed to contaim them, due to the glass electrode nipple om the
* side of the counter. Ideally one would like the counter and ite container
to be as amall as possible. We will return to using a brass counter and
. : its smaller container as soon as a satisfactory brass counter can be provided,




The reason for using two vessels, one twice the diamster of the
other,is to obtain & correctin factor For the absorption in water

and to determine the activity that would be received by & body
submerged in & large volums of this water, without heving to

assume anyenergy distribution. This fect is shown by an inspection

of Equation 1 below, in which the ionization intensity, I, of the gamma
radiatioh from the radiomctive meterisl in the water is empressed
independently of the coefficient of absorption. In using this equa-
tion, however, one should remember that the conversion factor,l/c, is
a function of the energy and a slight error is introduced when one gats
it equal to 3350 counts/minute/mrl{\for low energies of gamms-radistion.

The Equations ussd in this procedure were given by HE, M. Parksr in
CH-1889 and are devsloped as follows. o

Lst D equal the dosage rate at 1 cm from a unit volume of active
material. If the wnit volume of 2 shell sbout a sphere is L7 r° dr,
the dosage rate at the center of a sphere of this material of radius
R will be: : .

L '771'2 'D e‘/{iR AY lf’]\r D ‘? (l - & }(R)
0 r~ _ - M '

When R—y 02, l‘/z:D (l-é'AR)_,__; 4 %D . Theresfore, LoD
7 z

is the dosage rate at a point surrounded by an infinite volume of

» R = radius of the

<o

radioactive material. If we set _ﬁ‘?@ - K

-

large vessel and R/2 : of the small vessel we have:
L = Koo (1-6"4F) ang
Koo (1-6"B/2)

S =

in which
L=c/m with the large vessel of radius R
S = ¢/m with the small vessel of radius R/2

.

A simultanecus solution of the two equations above glves;

I= cxm=.°§3= - 3x 107"

25-1, TB5-1) 3350 25-L

g2

mr/ar ) (1)




in which:

, 1/c = Conversion factor from c/m to mr/hr (1 mr/hr 2 3350 c/m)
v I = Icnization intensity due to gamma reys in water in mr/hr.

Thus the readings 1 and S which are corrected for background are sub-
stituted in equation (l) to dstermine the mr/hr due to gamma radistion
in the water.

2. Single Vessel Method., A simplifie& procedure for obtaining the
jonlzatlion intensity in the water (= I} is to meke uee of the average
game.-ray energy of the radicactive materials in the water as determined
from ths monthly amnslysis of the water. The Zr and Cb seem to comprise
at present a lsrge percent of the activity of the water when i1t is freed
from the suspended clay, Therefors, the average gamma-ray energy 1s
probably about 0.7 mev. The value of the coefficisnt of absorption
corresponding to 0.7 mev is 074 cm™l of water (see fig. 4 in TNX-T7).
Substituting this value in the above equations, one obtains:

s:ﬁa{JL - 074 { Jx2. 5“)} K,,,l- .59} -Kac(b,S)

Iz CKeo® 6.2 x 10"‘ S ar/br {2)
Likewise
1= 41x10°t L mrfer | ‘ (3)

If the average Y oray energy should increase to 1.0 mev, the value
" of 44 would be dr06h cii=l of water. This would give values of I
as follows: ' ’ ’

: 6.9 x 100% s mr/ur L (2)+

= 4, b x 10'1‘{ L mr/hr _ ' (3)°

It is obvioue, thersefore, that the -above relation is not very critical
with energy and that rather satisfactory results can be obiained
directly from squation (2) or (3) so long as the conversion factor
(1/c = 3350 c/h}mr)doea not chenge very much over the range of
energles used.




. 3. Direct Method. (Portable Submersible Counter) The simplest

: method Tor Tinding the water activity is to submerge the porteble
’ submarine countsr from the boat dirsctly Into White Oak Iake ard

. , obtain the rate H'in c/m. ‘

This submarine counter is enclosed in a steel pipe snd is submerged
to the proper depth from an ztanderd life preserver. The counter is
cne of the standard gless wall type and fsede directly into a
portable “scale of two" circuit. This apparatus is moved to the
desired location in the Iake and in the Clinch River below the

lakez, The outetanding advantage of thisapparstus is that it is used
to make measursments directly and requirss only a few minutes for
-each reamding. . '

The iatensity in mr/hkr is given by the following equation:

1= B :=3:10%8 wrfor ™
o - | / (%)
In using this method the submmrine counter is first submerged in a

large tank containing plant ériaking water, in order to obtain the .
background correction for N/

The submarine counter method cannot be used in the settling poend )
because of the high background radiation from the bottom and top
’ of the settling pond. Good results can be obtained in White Oak
' Lake or in the Clinch River if the sulmarine counter is submerged
" to ebout one foot below the surfece and five fest (or more) above
e the bottom of the lake.

If one wishes to determine the activity of the materisl in the water
in terms of ¢ c¢/liter of water fram the velues of I in mr/hr, this
can be done most eaily by assuming the energy absorbed in the water
is equal to the cnergy emitted. Thus one sets up the equatlon:

1= iom pai:;;/ 1. 1.8 x 10710 x gec/hr x mr/r x density air
cC -
7= 3.7x10% MEx 105 x 4.8 x 10-2 x 3600 x 103 x 0.00129
32 x 107 :

In which M = concentration of gamma emitting radioactive materials
in 4 cfliter of vater

energy of activity in mev

]
BT

L)
"

ionization intensity in mr/hras determined byeess 1, 2, 3, or &




Thie equation reduces tos

0.388 z
T

M= //(c/iiter of water . C3)

As a cloge-approximation to aversgse COndluiOBS, E may be taken
ag 0.7 mev for gamma-radiation in the water and then eguation
(5) becomes:

M= 551 /A<cjiiter of water ‘ (53¢

If one sets I = 4,17 mr/hr (the sccepted tolerance rate for ok
hours) in equation (5} it becomes:

. 1.6

M= —

A c/liter of water (6}

vhich ie the conventional equation for determining submersion
tolerance concentration of water. The equations (5}, (5)°, and
(6) are true for both gemma and beta radiation.

According to equation (5)° the submersion tolerance concentration
of the water in White Oak Lake {if £ = 0.7 mev) is M= 0.55 1 =
2.3 4 cfliter of water. This agrees with the value given by H. M.
Parker im CH-1889, ' ‘

’ B8 Beta Readings

This data is furnished each shift to our Section by the Analytical
Section in terms of count/min/ni of water from both the effluent
«® and affluent water of the settling pond. This can be converted
: '~ to water activity concentration as follows:

Mg = nx 10’ z b5 x 1wt a
3.7 x 10% x 60 (7
In vhich M beta activity concentration iq//fc/liter of water

a = total corrected beta counting raste in c/ﬁ/

In order ic obtain n, one must correct for the geometry factor
{ ~ 10} vack scattaring factor(r< 1} sni absorption factor

g.~4e6 *.0' - 3,06, {See veport by H. M. Parker, CH-1889).

Therefore - 1
=IOXHXI.OSN:8N ‘ (8)
and squation {7) becomes:
- M, = 4.5 x 107 x 8N = 3.6 x 1077 ¥ | 9
/ :
. ‘ in which N = uncorrected experimentsl value of ¢/m/ml as submitied <

to Health-Physics Section by the Analyticel Seciion.
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in order to check the experimentzl procedurs, & tolerance
solution of UNH was used (CH-1880}. If the average energy of the
beta-rays in this ureniuvm test solution was 0.9 mev, one would
expect the tolerance value to be:

. 1.6 - ' :
Mp = &= 1,8 scfliter of water (10}

Actuallly the sverage energy of the activity of the discharge water

from Clinton Lsborstories is probably not far from 0.3 mev and not

.9 mev, In this case the tolerance concentration is-

M/.’; = 1 6 - 5/4c/liter of water (11)

and the tolerance counting rate would become:

N = Me z 0 = 1400 c/m/m1 (12)
3.6 x 10-3 3.6 x 10-2

In practice gsubmersion tolerance for beta radiation is usually
twice the values indicated in {10}, (11}, and {(12) since for
large bodies submerged in the water the radiation enters only
from 2 7 degreas. However, the sbove squations are used in practice
here in order to add a factor of safety and to cover the few in-
stances {such as fish eggs or & men's ears) in which betas radiation
can enter from all dirsctions.

The mr/hr for beta.radistiom can be found from equation (5), i.s.
placing the value of M as found above in equatiom (5):
14 = Y¥g E mr/hr¥ ‘ ) (13)
Os3
A portable submerine thin-walled beta-counter is being experimented

.with at present. If it proves satisfactory for general use, the
equation used will be similer to equetion (4) or -

- K
In= %
in which § = c¢/m corrected for background and
K = conversion factor for bsta-radlation from activity

in water,
€. Aprendix

Example: Given a water sample from the settling pond effluent with
2 beta sctivity of N = 250 c/h ard with gamma-activity measurements
of S = 2000 ¢/mand L = 2900 c/m. The reading with the submarine
counter in White Qak Lake was N = 90 c/m. All readings are corrected
for background. .

# NOTE: Mr is ussd here to meen mrep (1/1000 of a roentgen equivalent physical).




Gama Activity in Settling Pond Effiuent

. B (1): 1y = D3 1(::3i P 3y %0“4 (2000)° . ;4 -
28L 1100 \

) Ea. {2) 3)! ;.652 x 10°% 5 = 6.2 x 10°% {2000) = 1.2 mr/nr

- Fa. (3): Iy = 41x10°% L= %1 x10°% x 2900 = 1.2 mr/nr

Eq. {5)°: My = 0.55 Iy = 0.55 (1.2) =",66/£(c/liter of water

Beta Activity in Settling Pond Effluent

Bg. {9): M.s 2 3.6x 10" § = R /é(c.fliter of water

- M, E _ 0.9(.3
Bg. (13): Ig * 3 z ( )=.?mr/hr
0.388 .388
Totel Activity in Settling Pond Effluent
- - o P
1/67‘9 = -7 x 1.2 = 1.9 mr/hr ) k5% of tolerance

.9 3+ .66

1.56 /a c/liter of water ) for submersion

M/gfy
If the effluegt of the settling pond is 800,000 galfday (800,300 x

3,785 = 3 x 10° 1liter/day), the total activity dischargs per day
. at the above rate 1s 3 x 106 x 1.56 x lO’A6 = 4.7 curie/dey
- Gamma Aptivity of White Oak lLake .

Bg. (&): Iy ._3% = 3%% = 027 mr/ar

0.55 Iy = 0.55(.027) = 0,015/qc/11ter of water.

Eg. (5)°: My




